Introduction
In May 2016, a group of 150 public health experts wrote an open letter to the World Health Organization (WHO) urging the postponement of the 2016 Summer Olympic Games in Rio de Janeiro out of concern for the potential to increase the spread of the Zika virus (Sun 2016) . Sporting events with high attendance have the potential to spread an outbreak. The WHO and public health officials have had mixed success using public health warnings to reduce large gatherings during outbreaks such as the Severe Acute Respiratory Syndrome (SARS) in 2003 and H1N1influenza in 2009. The economic implications for these outbreaks are large, as Dixon et al (2009) estimate that a pandemic of 60 million flu infections in the US would decrease GDP by nearly 3% in one year.
In April 2003, the WHO recommended the cancellation of non-essential travel to Toronto due to an outbreak of SARS, though despite this warning sporting events continued. Officials from the Toronto Blue Jays baseball team reported losing 10,000 total ticket sales in the first three days of the warning. In response to low demand, the team offered $1 CAD tickets (a 90% discount) and attendance increased 2.5 times compared to the previous three games (USA Today 2003) . Reducing ticket prices in response to low demand, however, may not be optimal from a social standpoint when this attendance leads to more cases during an outbreak. Fortunately, the travel advisory in Toronto was lifted shortly after the game, and no major outbreak occurred.
Social distancing measures were more successful in Mexico during the H1N1 outbreak of 2009. In Mexico, the national government cancelled numerous large-scale events, including soccer matches, baseball games and schools during the beginning of the original outbreak of the flu in the spring of 2009, which may have reduced the spread of the virus (Chowell 2011) . In the United States in 2009 a limited number of sporting events were cancelled, which were 264 associated with reported cases of H1N1 at some universities (Moltz 2009 ). Although luckily, the virus was never widespread in the United States.
Surprisingly, there has been little research from economists about the relationship between outbreaks and social gatherings, such as sporting events. This paper tests the relationship between attendance and a major outbreak of a communicable disease, the H1N1 flu. We hypothesize that attendance at sporting events will decline as infections increase because those in attendance have a greater risk of exposure. Specifically, we test if Mexican states with higher reported levels of H1N1 experienced declines in attendance at baseball games. Secondly, we test the effect on attendance of social distancing measures that discouraged attendance. We hypothesize that by discouraging fans from attending games, attendance will be further reduced even after controlling for the size of the outbreak.
Rational consumers may avoid events when flu outbreaks occur to prevent infection. To our knowledge, consumer behavior and outbreaks have only been tested as they relate to tourists. As expected, tourists avoid areas with potential outbreaks. Rassy and Smith (2013) find that Mexico lost 1 million tourists during the H1N1 outbreak. Rosselló et al (2017) et al. estimate using a gravity model that 12 million tourists a year could be added to African countries by eliminating Malaria, Dengue, Yellow Fever and Ebola. Finally, Kuo et al (2009) find that the avian flu was associated with a decrease in tourism to Asian countries with higher infection rates. Our work adds to this literature by testing the gathering of baseball fans. One key difference is by testing baseball attendance we are looking at a group mainly comprised of Mexican locals and not tourists.
The epidemiological literature is well developed and shows that social distancing measures can prevent the spread of flu and other viruses (Chowell et al 2011 , Burke 2005 , Couborn et al 2009 . Chowell et al (2011) estimate that social distancing in Mexico in response to H1N1 reduced the spread of infection by roughly 1/3, which matches results in other contexts (Wu et al 2010 , Hens et al 2009 . Two works on gatherings in economics support these findings from epidemiology. Markowitz et al (2010) find that higher levels of employment are associated with increased reports of flu symptoms, suggesting that socialization at workplaces increases the spread of the virus. Stoecker et al (2016) show increased mortality from the flu in cities whose team participates in the Super Bowl, though not in the host city.
Policy makers must weigh the costs of decisions to cancel events against the potential benefits of reducing infections. This paper estimates the cost by showing how many fans would have attended games in the face of an outbreak. When comparing the cost and benefits it may be socially optimal to mandate social distancing measures that cancel games or other large events. Alternatively, social distancing measures can discourage rather than ban attendance as they did in Mexico. Our paper also tests how this policy reduces attendance to estimate the impact of the policy.
Our study examines behavior during the H1N1 outbreak in Mexico in 2009 when there were over 100,000 reports of influenza like symptoms and 1,300 deaths associated with the outbreak (Chowell et al 2011) . The paper uses data from the Mexican social security health service, which covers 40% of the population, to construct daily measures of H1N1 outbreaks. We match this data to daily Mexican baseball attendance for 16 teams across 12 states. The lagged number of influenza cases is used to predict team attendance using a team fixed effects regression. Additionally, we test how moderate social distancing measures by the Mexican government influenced attendance.
Data Description
In late March and early April 2009, a sharp increase in the number of respiratory related hospitalizations and deaths among youth in Mexico began to alarm officials. By April 23 rd a novel strain of swine related influenza referred to as H1N1 was confirmed in Mexico City. Over the course of the next year and half over 100,000 Mexicans reported influenza like illness (ILI) to the Mexican Institute for Social Security, which provides health care for over 40% of the population (Chowell et al 2011) . ILI was defined as the "combination of cough, headache, and fever (except for persons over 65 years of age) with one or more of the following symptoms: sore throat, rhinorrhea, arthralgias, myalgia, prostration, thoracic pain, abdominal pain, nasal congestion, diarrhea, and irritability (for infants only) " Chowell et al (2011) .Of those with ILI, roughly 30% were tested for the presence of H1N1, with a confirmation of the H1N1 virus in around three-quarters of the tested cases. Of the reported cases there were roughly 1,300 fatalities with half confirmed as H1N1.
We use a subset of the data from Chowell et al (2011) , which includes daily ILI reports for all states with a Mexican League baseball team during the Mexican baseball season from April through August of 2009. Chowell et al (2011) provide an overview of the three waves of the pandemic that occurred in Mexico; our study covers the first two waves. The first wave (April1 to May 20) and the second wave that followed (May21 to August 1) coincided with the Mexican baseball season. A third wave occurred with Mexican students returning to school in late August of that year, but as the Mexican baseball season finishes their season in the first week of August, we are unable to analyze the third wave.
In response to the first wave the Mexican government adopted social distancing measures and closed schools from April 27 to May 11 (Chowell 2011) . No baseball games were played between April 27 and May 5, 2009, when games are typically played 6 days a week. However, five of the typical eight games were played on May 6 and the full schedule resumed on May 7. Mexican schools remained closed through May 11 and the government generally discouraged large public gatherings during this period. Soccer matches scheduled for the weekend of May 9 th were held but only at 50% capacity. Unfortunately, we do not know if baseball teams took any special precautions during the period from May 6 to 11 when school was canceled and baseball games resumed. We consider any game played between May 6 and May 11 to be during the period when moderate social distancing measures were in effect, since during this time the government discouraged public gathering and banned some forms such as school attendance. We hypothesize that attendance would likely be reduced during moderate social distancing measures, which is supported by the results of the empirical analysis.
The empirical analysis uses attendance at Mexican League Baseball games as a proxy for social gathering. That is changes in baseball game attendance may reflect the larger community response in terms of changes in attendance at other public events. The advantage of the data set is teams play roughly 6 games a week over the course of the season so there are a greater number of observations than soccer, for example. With each baseball team playing over 50 home games a year (March-July), the typical team draws a few hundred thousand fans annually.
The Mexican League is one of three AAA baseball leagues (the highest minor league level) that are linked to Major League Baseball (MLB). Unlike the Pacific or International league, the other two AAA leagues, teams are not directly affiliated with a MLB team. That is, MLB teams do not provide players to the Mexican League, nor are players directly promoted to the MLB from the Mexican league. The Mexican Baseball League currently has 16 teams that are spread across 12 Mexican states. The level of attendance is roughly equivalent to AA leagues in the US, which is the second highest level of minor league baseball. The data set on team attendance was provided by MLB. It includes attendance at over 5,200 Mexican league games between 2005-2010.
The main variables of interest are game attendance and influenza-like illness cases. The descriptive statistics are shown in Table 1 . In all sample years the teams averaged roughly 4,000 fans per game. In 2008 the year before the flu outbreak team attendance averaged 4,600. In 2009 the year of the H1N1 outbreak average attendance fell to 3,400. This could be related to other factors besides the outbreak of H1N1 as real GDP in Mexico declined over 6% in 2009 in part due to the global financial crisis. Of course, this decline in GDP may be related to the global recession, in addition to the spread of H1N1.
For influenza-like illness reports we use the sum of reports to the National Health Service during the 3-5 days prior to the game at the state level of the home team. This lag accounts for the time information takes to travel between people's perception of the infection rate and the actual infection rate. It is worth noting that we do not have influenza-like symptom reports for years other than 2009, so Table  1 separates descriptive statistics out A descriptive comparison of reports of influenza-like illness and attendance is suggestive of a negative relationship between the two. In Table 2 the number of influenza-like illnesses is divided into groups. In the first set we have five groups based on the number of cases. There is a roughly 18% drop in attendance from the first to second group of ILI reports with a 12% and 16% drop from the second to third and third to fourth (highest ILI reports), respectively.
The final three rows of Table 1 examine the moderate social distancing measures during the period in which social gathering was discouraged. Attendance during this time was roughly 10% lower than any other time in 2009 and a little over 20% lower than the same period (May 6 -11) for all other years. To demonstrate the relationship between influenza and attendance, Figure  1 plots the natural log of attendance and the log of the number of ILI reports.
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For the first three groups, additional ILI reports within the group seem to have no effect on attendance. However, for the fourth group with the highest number of ILI there seems to be a negative and linear relationship between the two. Returning to Table 2 where the number of cases is broken into eight groups, we see a reduction in attendance after at least 4 cases only in the highest level of ILI reports, and there is a large drop in attendance. In addition to reports of influenza, we added variables that influence attendance and are exogenous to the influenza outbreak. These descriptive statistics are reported in Table 1 . First, we controlled for the first game of the season (opening day) when attendance is substantially larger. Attendance on opening day averages 9,400 compared to 4,000 for all other games. Second, we controlled for the opponent, as the schedule was set before the outbreak. Butler (2002) shows in an analysis of US Major League Baseball that an opponent's quality can heavily influence attendance.
We also controlled for weather using data from Weatherunderground.com of the nearest airport weather station. We only have weather data from the years 2008-2010, which limits the sample size. Since all the Mexican baseball parks are located outdoors, the weather can influence attendance as shown by works on US MLB. Butler (2002) and Lemke (2010) find that both rain and cold weather decrease attendance. Weather during the Mexican baseball season is excellent with only 3% of days having at least 1 cm of rain. The average temperature is 78 degrees and 70% of games are played between 55 and 85 degrees.
Econometric Model
The econometric model is used to test two hypotheses related to the relationship between influenza and attendance at baseball games. The first hypothesis is that an increase in the number of influenza like illness will decrease attendance. The second is that social distancing measures that discourage gatherings will also reduce attendance. The goal of the regression analysis is to test these hypotheses, while controlling for other factors that will likely influence attendance. A team fixed effects regression is used to control for time invariant factors related to attendance. The regression is shown below (equation 1) estimates the natural log of attendance (lny) for team "i" in state "s" in time "t" based on the number of influenza-like illness reports (Z) in the team's home state "s", if moderate social distancing measures were in place and team fixed effects ( ). The error term or the variation in attendance not explained by control factors is represented by "e". In the analysis above, it does not appear that ILI reports are linearly related to attendance (see figure 1) . Therefore, we create a series of binary dummies denoted with an uppercase where Z k =1 if the ILI reports is within the group "k". We ran two separate analyses changing the number of groups from four to eight to examine non-linearities. A closer look at Figure 1 suggests when the data is divided into five groups that there is a linear negative relationship between ILI and attendance only in the groups with the most reports of ILI. To test this relationship, we add in an interaction term that . Where is the number of influenza cases and Z 4st =1 if the numbers of ILI reports is in the highest ILI group.
As mentioned above the Mexican government enforced social distancing measures that canceled games from April 27 th to May 5 th of 2009 we therefore have no observations during this period. Moderate social distancing measures continued until May 11, though games were played May 6 -May 11, 2009. To estimate the effects on attendance of the moderate social distancing measures for the period where games were played but other social events were canceled, a binary variable D = 1 was entered if the game took place from May 6 to 11 of 2009. + e (1)
Several variables are also included to control for factors beyond those of the two key hypotheses. The first is Opening Day, which equals one on the first game of the season. Opponent fixed effects are included to control for visiting fans. We also include time fixed effects including binary dummy variables for each year, month, and day of the week. For roughly half the sample we also have weather data from the nearest airport. To control for weather, we use a binary variable (RAIN = 1) if the state level weather station reported at least 1cm of rain on the day of the game. To control for temperature, we create four binary variables for different temperature ranges (85-76, 75-66, 66-55 ; and below 55 degrees Fahrenheit), which =1 if the daily temperature average falls in the range. Finally, all analyses cluster the error terms at the team level. The full regression is below in equation 3.
Results
The results of the empirical analysis, reported in Table 3 , support both hypotheses. Across all models we see evidence to support our first hypothesis that influenza is negatively related to attendance. The point estimates show that high levels of ILI roughly reduce attendance by 20%.The final three models are suggestive of additional marginal impacts on attendance for additional cases, but only at the highest level of ILI reports (greater than 66 cases). We also find evidence to support our second hypothesis that social distancing measures reduce attendance. In all models we all see that attendance fell during May 6 th to 11 th 2009 when the government enacted moderate social distancing measures. In Table 3 we see no difference between the lowest ILI group and the omitted category (no ILI reported). For the second and third highest ILI reports, attendance is reduced roughly 18% (significant at the 10% level) and 25% at the highest ILI reports. The second model adds weather data, which reduces the sample size by half, but has little impact on the results. The third and fourth models further reduce the sample to just 2009, the year of the outbreak. This strengthens the statistical significance and increases the point estimates.
The final models include an interaction between a log of the number of ILI cases and a binary indicator of those states in the fourth group with the most ILI. As predicted by Figure 1 , we find a greater negative effect of ILI on attendance when the rate of ILI is higher. Using the coefficient from model 6, a one standard deviation increase in ILI for the fourth group reduces attendance an additional 3.7% (.313*.12).
In Table 4 we further breakdown the number of ILI cases into 8 groups with 0 or 1 cases being the omitted comparison group. In general, the results are consistent with those from the previous table in that more ILI cases do not seem to affect attendance until the very highest number of cases is reached. One issue with this model was multi-colinearity as the month controls were often correlated with the ILI categories. When the controls for the month are removed the statistical significance and sign is more consistent with the expected result.
Across all models in Tables 3 and 4 , and consistent with our second hypothesis, moderate social distancing reduces attendance. From May 6-11, 2009 the Mexican government discouraged public gatherings as part of moderate social distancing measures. The range of coefficients suggest during this time attendance was reduced between roughly 15-25%.Baseball games, however, could resume with fans in attendance. In all models except one the statistical significance is at the 1% and in the other one at the 5% level.
Examining the other variables in Tables 3 and 4 , not surprisingly, opening day had a huge effect on attendance with a coefficient of roughly 1 indicating opening day having twice the average attendance of a typical game. The time controls for fixed effects are particularly interesting when examining the year controls. They are suggestive of 2009 being a down year for attendance and 2010 being even worse, which is likely reflective of the difficulties in the economy at that time. 
Conclusion
Pandemics like the H1N1 outbreak in Mexico in 2009 have the potential to severely inhibit economic activity, particularly social gathering. We first provide an estimate of the cost of the outbreak to a specific type of gathering. We also provide an estimate to the economic costs of social distancing measures that discourage attendance. Attendance is negatively related to the spread of the outbreak as predicted in our first hypothesis. We also find that moderate social distancing measures that discouraged public gatherings reduced attendance by roughly 20%. Our contribution is to provide a building block to estimate the cost of the social distancing measures.
The first clear shortcoming of this study is the potential external validity. It is unknown if baseball attendance is representative of how people may make decisions to gathering for other economic activities, such as concerts, restaurants, or shopping. However, as we note, other studies examine tourists, which are not representative of local populations. This study does provide, as far as we can tell, the first estimate of the relationship between an outbreak and gathering for a local population.
Ideally, we would have liked to model the relationship between games and future reports of influenza-like illness -that is, test if games themselves increase the spread of H1N1. We found no evidence to support this, however we believe this may be an issue of statistical power. We attempted this by regressing the number of ILI reports on the number of games or a binary indicator if there was a game. We lagged the days of potential game between 3 days and 7 days. One issue is that, relative to Mexico's population of 122 million, the number of people attending any of the 8 games on any single day is small (roughly 32,000), roughly 1 per 3,300 people in Mexico. Thus, it is not unexpected that we do not find a relationship. Future research may focus on outbreaks that occur where the percentage of the population attending events is higher, such as MLB where attendance is a factor of 10 higher, but the US population is less than 3 times higher. Another limitation is we have no comparison group for the social distancing measures. Ideally, social distancing measures would have been used in some, but not all states.
A vaccine has been invented and distributed to combat the spread of H1N1 since the outbreak in 2009. However, H1N1 is on the rise again in Latin American countries. In Mexico there were 524 deaths and 9,164 cases of H1N1 in 2016 (TelesurTV 2016). In Brazil in 2016 there have been twice as many deaths and the number of H1N1 cases is the highest in the country since the 2009 outbreak (Plus55 2016) . This is all despite vaccination rates being above 95% in Brazil. Given H1N1's resurgence and the uncertainty behind the spread of the Zika virus, the potential for consideration of social distancing measures to stop the spread of a virus seems likely in the near future.
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